In this work the amount of biomass available by the hazelnuts pruning in the province of Viterbo was investigated. At present, the pruning's residues are destroyed by farmers directly in the field, at the end of the pruning; in this way a large quantity of biomass, represented by hazelnut's prunings, is lost; the residues obtained from the hazelnut's pruning, are an important source of biomass that could be used for thermal energy production. The aim of this work is to realize a map with the estimated energy potential from hazelnut pruning biomass, in the province of Viterbo. In the first phase the amount of biomass obtained from a hectare of hazelnut's cultivation was estimated: sampling were carried out in some municipalities of Viterbo while hazelnut pruning was taking place, from January to March.
Introduction
Biomass is the most abundant and versatile form of renewable energy in the world. Biomass includes, with some exceptions, everything has an organic matrix, such as virgin wood, energy crops, agricultural residues, food waste, and industrial waste and co-products. The production of biomass energy from wood and/or energy crops is controversial since these compete against food crops for land and fresh water [1] . An alternative approach is to consider agricultural residues or agro-industrial waste as a resource to produce energy. The amount of the agricultural residues depend on the output of farm crops; after harvest, a portion of these could potentially be collected for energy use [2, 10] . Sometimes, the amount of agricultural residues is obtained through empirical indices and refer to very extended areas [3] [1] . A portion of these residues is represented by the biomass obtained from pruning fruit trees such as olive tree, hazel tree, chestnut tree and many others [4, 11, 12, 13] . Italy has about 70,500 ha planted to hazelnuts [5] almost entirely distributed in four regions only, that account for 98% of the national production: Campania, Latium, Piedmont, Sicily [6] . Viterbo is the most important production area of Latium with about 18,400 ha planted to hazelnuts [5, 7, 8, 9 ] that every year provide residues through pruning, which become a potential energy source. In the latest years a lot of studies were performed to investigate the best technology for solid biomass processing, but not many data about the amount of pruning are present in the recent literature. The aim of this work is to develop a model for the harvest and quantification of pruned hazelnut biomass by considering the age of plants and the number of plants per hectare.
Materials and methods
Appraise the biomass after pruning operations is a complex task due to different ways to arrange the pruning. The amount of collected biomass must be refer to an exact number of plants; so, it is necessary to apply direct measurements into the field. In this work, 50 hazel groves were investigated in the province of Viterbo ( Figure 1 ); different age of plants and different number of plants per hectare were considered. The valuation model was applied in 2012 and 2014 from December to March. In 2012 about 205 ha were sampled, while in 2014 were 115 ha. Generally, in the regular plants, farmers leave the pruning along rows, after the cutting phase, to facilitate removal from the field with tractor ( Figure 2 ). In other cases, farmers leave pruning below the tree before manually removing.
In the case of regular hazelnut plants, the pruning are organized on alternate rows (Figure 3 ) or distributed in an even layer over the surface in order to create smaller piles (Figure 4 ).
In either case two grids were applied for biomass evaluation; the intersections of the main grid coincide with the plants, while the secondary grid is moved to the middle of the row both horizontally and vertically ( Figure 5 and 6 ). In this way the whole surface is divided in squares (Figure 7 and 8 ). The hazel groves were divided in age class ( 
Results
With the proposed method the amount of biomass product by different hazel groves was estimated (Table 2 and 3 ). The amount of biomass obtained from pruning, is directly related to the age of plants and to the number of plants per hectare; In 2012, the variability index, referred to the amount of pruning (difference between the maximum and minimum value) is 6.9, while for 2014 the variability index is 8.6. 
Conclusion
In this work we have tried to discuss the actual situation in matter of hazelnut farmers' income in Viterbo areas (Italy). We have mainly demonstrated the positive aspect of valorization of biomass hazelnut shells and pruning residues within the related policy implications.
Available residual biomass obtained from pruning hazelnut trees, cultivated in the territory of Viterbo is a real economic and energetic opportunity. The large quantities produced in fact, can be used both for domestic heating, through their own consumption and for the heating of small towns. As local interests and national priorities do not seem to be in good agreements, the actual model, which supposed the existence of a common energy policy, is being revised in order to take into account this issue and evaluate separately, short-term and long-term features.
